Fusarium semitectum Berkeley and Ravenel and other nonpathogenic fungi appear to contaminate immature cottonseed but cannot express themselves until immediately after seed maturation. It is hypothesized that catechin prevents fungal outgrowth and that inhibition is released when catechin is polymerized during seed maturation.
Fusarium semitectum Berkeley and Ravenel and other nonpathogenic fungi appear to contaminate immature cottonseed but cannot express themselves until immediately after seed maturation. It is hypothesized that catechin prevents fungal outgrowth and that inhibition is released when catechin is polymerized during seed maturation.
Mycological analyses of mature cottonseed reveal the presence of numerous species of fungi both in and on the seed (5, 6) . Some of these species, Aspergillus flavus Link in particular, produce mycotoxins, whereas others cause seed deterioration and boll rot. Most data in the literature implicate insects or insect larvae in contamination of the boll and eventually the seed by A. flavus, with potential concomitant production of aflatoxin (2, 18) . This generalization may not pertain to all cases of microbial boll and seed infestation. Russell et al. (17) noted no significant variation between aflatoxin levels found in pink bollworm control plots and those in which no control measures were practiced. In addition, insect infestation may not account for the presence of other fungi in cottonseed before harvest. This paper demonstrates that cottonseed is infected without overt symptoms or expression of the fungus before seed maturation.
MATERIALS AND METHODS
Field experiments were conducted primarily on Gossypium hirsutum Deltapine 61, a commercial variety of cotton suitable for the New Orleans area, in a plot adjacent to the laboratory. Flowers were tagged daily, and bolls of known ages were harvested almost daily from anthesis until 7 days after boll dehiscence. Only bolls showing no physical damage were analyzed.
Bracts were removed from green bolls that were then surface sterilized in 2% sodium hypochlorite containing 0.01% Triton X-100 for 2 to 3 min with continuous agitation. Bolls were rinsed twice with sterile water and sliced into approximately 2-to 3-mmthick sections, all of which were plated on potato dextrose agar in petri dishes. Sections were observed for fungal growth after incubation at 25°C for up to 1 week. At initiation of dehiscence, bolls were dissected as aseptically as possible, and seeds, lint, outer carpels, and intercarpellary membranes were plated separately. After dehiscence and completion of drying, only seeds were plated. Five bolls and 100 seeds or more per experimental set were analyzed, at least in duplicate, for fungal outgrowth. Emerging fungi were identified to species level (4) .
To reduce the possibility of chance contamination at dehiscence, unopened bolls were surface sterilized and ripened in sterile paper bags, bolls being picked from a time period of 10 to 2 days predehiscence. After dehiscence, seeds were analyzed for internal fungal contamination by the above-described procedure.
Fungistatic compounds in the bolls were detected by plating sliced green bolls and boll parts on potato dextrose agar plates seeded with Fusarium semitectum, A. flavus, Penicillum oxalicum, and Alternaria sp. Plates were kept for 24 h in a refrigerator at 5°C to permit diffusion of potential inhibitors into the agar; plates were then incubated at 25°C for 2 to 3 days and observed for zones offungal growth inhibition. Gossypol glands, gossypol, and gossypol derivatives were tested for antifungal properties by placing about 2 to 5 mg of compound directly on the seeded plates.
Ten green bolls chosen at random from a New Orleans cotton field were extracted in a Waring blender with successive 1-liter volumes of methylene chloride, methanol, and water. Extracts were concentrated under vacuum to 10 ml and analyzed for antibiotic activity against F. semitectum by standard disk assays (13) .
RESULTS AND DISCUSSION
Cotton bolls varying in development from anthesis to initiation of dehiscence (average of 46 days from flowering) appeared to be free of internal fungal contamination. However, 24 h after initiation of dehiscence, about 50% of all seeds from the New Orleans tract were contaminated with F. semitectum; 48 to 72 h into dehiscence, all seeds demonstrated growth of the same fungus (Table 1 and Fig. 1) . No other fungal species were noted from this group of seeds. Immature seeds, as indicated by a paletan seed coat, continued to be negative for fungal contamination when removed from dehisced bolls; fungi grew out of only darkened seeds. The phenomenon described above has been observed over two consecutive crop years, although not all mature seeds yielded F. semi- (12, 19) . However, unlike our observation for cottonseed, F. moniliforme could grow out of the kernel early in its development cycle (11) .
To eliminate the possibility that seed infection occurred during the brief period of high boll moisture from 1 to 3 days after initiation of dehiscence and that the source of contamination was airborne, 35-and 42-day-old bolls were harvested, surface sterilized, dried with sterile paper towels, and put in sterile paper bags to dehisce. Dehiscence occurred 15 days later, 4 days longer than the time required for nonpicked bolls; F. semitectum grew out from dark brown seeds, whereas pale-tan seeds showed no fungal growth. Bolls picked when they were less than 35 days old failed to dehisce and, upon sectioning, showed no fungal growth ( The information presented here appears to rule out a random contamination of seeds after dehiscence. Lack of contamination of lint throughout the boll development cycle would also appear to eliminate extrinsic infection or infection via the flower pedicel, as noted for boll invasion in the Sudan (1). The minimal number of fungal species found in the undamaged bolls and the confinement of the fungus to the seed also supports the data of Ashworth et al. (2, 3) , which indicates that breaching the carpel barrier, although not absolutely necessary, does facilitate multiple internal fungal contamination of the boll.
If external contamination of seeds and lint is ruled out, it must be hypothesized that fungal contamination is seed-borne and may be transmitted systemically from the plant to the developing seed or from some other point of contamination below the boll. However, this does not explain the non-expressibility of the contaminating fungus during the green boll stage and the rapid expression of the fungus after initiation of dehiscence.
Lack of fungus expression in green bolls and immature seed may result from the presence of antifungal substances in the boll or seeds. Various solvent extracts of green bolls did not reveal the presence of an antibiotic. However, the analytical system used had inherent limitations: it would not detect antibiotics present in very low concentrations unless the substances had particularly strong activities.
In another approach to the problem, slices of green boll were tested against lawns of three fungi (F. semitectum SRRC 1001, A. flavus SRRC 1000, and P. oxalicum NRRL 5209) seeded on Czapek Dox agar. No inhibition occurred against the latter two fungi, but strong inhibition was exhibited against F. semitectum by the intercarpellary membrane, with slight inhibition about the carpel and immature seeds; mature seeds gave no inhibition. None of the fungi were inhibited by gossypol preparations (melting point 184, 199, 215C), gossypol acetate, gossyfulvin, gossycaerulein, anhydrogossypol, or gossypurpurin, but all fungi were inhibited by intact gossypol glands. However, the sequence of events after dehiscence would appear to rule out gossypol glands as the inhibitory factor involved in F. semitectum repression, since the glands are present throughout the boll development cycle. A similar consideration would appear to rule out the effects of the toxic, nonglandular terpenoid aldehyde, hemigossypol, produced in response by cotton seeds and cotyledons inoculated with phytopathogens (7). However, Mace and coworkers (14) (15) (16) have noted that, after infection by Verticillium dahliae in cotton plants, there is rapid occlusion of infected xylem vessels by tyloses, preventing the systemic distribution of most of the secondary conidia released at the primary infection site. Fungitoxic terpenoids, predominantly hemigossypol and methoxyhemigossypol, then accumulate within the localized primary infection sites. This mechanism could serve to wall off nonpathogenic fungi, such as F. semitectum, as well as pathogenic fungi. 
